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DESCRIPTION 



COLLISION ENERGY-ABSORBING MATERIAL FOR VEHICLE AND COLLISION 
ENERGY-ABSORBING STRUCTURE OF VEHICLE USING THE MATERIAL 

Technical Field 

The present invention relates to a vehicle impact energy 
absorbing member for a vehicle suitably usable in a bumper, a 
side door, a pillar, etc., and to a vehicle impact energy 
absorbing structure using the vehicle impact energy absorbing 
member . 

Background Art 

Various vehicle energy absorbing structures have been 
proposed and put to practical use; for example, one in which 
an impact energy absorbing member is mounted inside a bumper 
facer to improve the pedestrian protection performance and one 
in which an impact energy absorbing member is mounted inside a 
trim such as a pillar trim or a side door trim on the vehicle 
compartment side to improve the passenger protection 
performance . 

For instance, there have been proposed a vehicle bumper 
which is constructed in such a manner that an impact energy 
absorbing member formed of a foamed molded piece made of a 
polypropylene resin is provided between a bumper reinforcing 
member disposed in a front end portion of a vehicle and a 
bumper facer covering the bumper reinforcing member, and in 
which the impact energy absorbing member absorbs impact energy 
acting on the bumper by being compression-deformed (see, for 
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example, Japanese Patent Laid-Open 2002-144989) , and a vehicle 
bumper which is constructed in such a manner that a hollow 
portion in a bumper front portion is double-partitioned with 
front and rear partition walls, and a plurality of ribs 
projecting from one of the front and rear partition walls 
toward the other partition wall while being spaced apart from 
the same, and in which the front wall of the bumper is warped 
to absorb impact energy when the bumper collides against an 
obstacle comparatively weakly, and the ribs are buckled and 
deformed to absorb impact energy when the bumper strongly 
collides against an obstacle (see, for example, Japanese 
Utility Model Laid-Open 57-37051) . 

On the other hand, it is known that impact energy acting 
on a bumper can be efficiently absorbed by making such a 
setting that the impact force acting on an impact energy 
absorbing member is generally constant over the entire time 
period during which the impact energy is absorbed by the 
bumper (see, for example, Japanese Patent Laid-Open 2002- 
172987) . 

A pillar structure has also been proposed in which a 
cushioning member is disposed in a gap between a pillar trim 
and a pillar inner panel (see, for example, Japanese Patent 
Laid-Open 6-211088 ). Further, a side door structure has been 
proposed in which a pair of upper and lower projections 
projecting on the vehicle compartment side is formed on a door 
trim in correspondence with the breast and waist of a 
passenger in a seated state, and in which a cushioning member 
is disposed between the door trim and a door inner panel 
inside the projections (see, for example, Japanese Patent 
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Laid-Open 8-67144) . 

In the above-described conventional energy absorbing 
structures in bumpers and side doors, impact energy is 
absorbed basically by compression deformation of the foamed 
molded piece or buckling deformation of the ribs. As shown in 
Figure 3, the impact force acting on the compression energy 
absorbing member has a tendency to increase with the increase 
in the displacement of the compression energy absorbing member, 
and the impact force acting on the buckling energy absorbing 
member increases abruptly to a peak value in an initial stage 
of action of the impact force and has a tendency to decrease 
abruptly after passing the peak. Therefore, there is a problem 
that if the peak of the impact force is set to a lower value 
to improve the pedestrian or passenger safety performance, 
impact energy cannot be sufficiently absorbed in the 
compression energy absorbing member in an initial stage of 
impact energy absorption, or impact energy cannot be 
sufficiently absorbed in the buckling energy absorbing portion 
during a latter stage of impact energy absorption after the 
impact force has reached the peak value. The amount of 
absorption of impact energy can be increased if the amount of 
displacement of the energy absorbing member is increased. In 
the case of use in a vehicle such as a motor vehicle, however, 
it is necessary to dispose the energy absorbing member in a 
restricted space and it is, therefore, difficult to 
sufficiently absorb impact energy while limiting the impact 
force . 

An object of the present invention is to provide a 
vehicle impact energy absorbing member which is arranged as an 
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impact energy absorbing member of a simple construction 
capable of absorbing impact energy with high efficiency, and 
which is capable of improving the pedestrian protection 
performance as well as the passenger protection performance, 
and a vehicle impact energy absorbing structure using the 
vehicle impact energy absorbing member. 

Disclosure of the Invention 

As shown in Figure 3, an impact force acting on an 
compression energy absorbing member has a tendency to increase 
with the increase in the displacement of the compression 
energy absorbing member, and an impact force acting on a 
buckling energy absorbing member increases abruptly to a peak 
value in an initial stage of action of the impact force and 
has a tendency to decrease abruptly after passing the peak. On 
the other hand, there is a need to make a setting for avoiding 
an excessive increase in impact force on a pedestrian or a 
passenger for the purpose of improving the pedestrian and 
passenger protection performance. The inventors of the present 
invention have eagerly studied the constructions of vehicle 
impact energy absorbing members capable of improving the 
pedestrian and passenger protection performance to conceive 
the idea that if the impact energy absorption characteristics 
of a compression energy absorbing member and a buckling energy 
absorbing member are combined, a vehicle impact energy 
absorbing member can be realized which can maintain an impact 
force acting on the vehicle impact energy absorbing member at 
a target value at which a pedestrian or a passenger can be 
protected over the entire length of a time period during which 



impact energy is absorbed by the vehicle impact energy 
absorbing member and can absorb a maximized amount of impact 
energy while ensuring the desired pedestrian and passenger 
protection performance, and have completed the present 
invention. 

A first vehicle impact energy absorbing member in 
accordance with the present invention has a compression energy 
absorbing member using compression deformation and a buckling 
energy absorbing member using buckling deformation- Impact 
energy applied to a vehicle body is absorbed by a combination 
of the two energy absorbing members. 

As described above, an impact force acting on the 
compression energy absorbing member has a tendency to increase 
with the increase in the displacement of the compression 
energy absorbing member, and an impact force acting on the 
buckling energy absorbing member increases abruptly to a peak 
value in an initial stage of action of the impact force and 
has a tendency to decrease abruptly after passing the peak. In 
this vehicle impact energy absorbing member, since impact 
energy is absorbed by the combination of the compression 
energy absorbing member and the buckling energy absorbing 
member, the impact force on the vehicle impact energy 
absorbing member can be maintained generally constantly over 
the entire length of the time period during which impact 
energy is absorbed by the vehicle impact energy absorbing 
member. Therefore, if the impact force on the vehicle impact 
energy absorbing member is set to a target value at which a 
pedestrian and a passenger can be protected, it is possible to 
absorb a maximized amount of impact energy while ensuring the 
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desired pedestrian and passenger protection performance by 
limiting the impact force. 
(Claim 2, 3) 

The compression energy absorbing member and the buckling 
energy absorbing member may start energy absorbing deformation 
under the impact force by substantially the same timing or may 
start energy absorbing deformation under the impact force by 
different timings. In the former case, impact energy can be 
absorbed by making full use of the space for disposition of 
the vehicle impact energy absorbing member capable of being 
mounted on a vehicle. In the latter case, an optimum energy 
absorbing characteristic of the entire combination of the 
compression energy absorbing member and the buckling energy 
absorbing member can be realized by adjusting the timing for 
starting energy absorbing deformation of the compression 
energy absorbing member and the buckling energy absorbing 
member. (Claim 4) It is preferable to make a setting such that 
the impact force on the two energy absorbing members is 
generally constant over the entire length of the time period 
during which the impact energy is absorbed by the two energy 
absorbing members. If such a setting for making the impact 
force on the two energy absorbing members generally constant 
over the entire length of the impact energy absorption time 
period is made, it is possible to efficiently absorb impact 
energy by effectively utilizing the entire impact energy 
absorption period while reducing the impact force acting on a 
pedestrian. (Claim 5)The compression energy absorbing member 
may be disposed so as to be compression-deformed over the 
entire length of the impact energy absorption time period, and 
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the buckling energy absorbing member may be disposed so as to 
be buckled and deformed in an initial stage in the impact 
energy absorption time period. The impact force in the 
compression impact member increases with the passage of time 
to the end of the impact energy absorption time period, and 
the impact force in the buckling energy absorbing member is 
large when the buckling energy absorbing member buckles , and 
is small in other states. In the present invention, the 
buckling energy absorbing member is buckled and deformed to 
absorb the impact force in an initial state in the impact 
energy absorption time period, and the impact force on the 
compression energy absorbing member becomes larger in a latter 
stage in the impact energy absorption time period. The impact 
energy absorbing effects of the two energy absorbing members 
are combined to absorb impact energy at an impact force 
generally constant over the entire length of the impact energy 
absorption time period while reducing the impact force on a 
pedestrian, thus enabling efficient absorption of impact 
energy by effectively utilizing the entire impact energy 
absorption time period. 
(Claims 6, 7) 

The compression energy absorbing member may be 
constituted by a foamed molded piece made of a synthetic 
resin, and the foaming expansion ratio of the foamed molded 
piece forming the compression energy absorbing member may be 
set to 2 to 150. This arrangement enables realization of the 
desired impact energy absorption characteristic by adjustment 
of the foaming expansion ratio while ensuring the desired 
energy absorption performance, and enables the vehicle impact 
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energy absorbing member to be constructed so as to be light in 
weight . 

(Claims 8, 9, 10) 

The buckling energy absorbing member may be constituted 
by a solid member made of a synthetic resin material. In this 
case, it is preferable to constitute the buckling energy 
absorbing member by a foamed molded piece made of a synthetic 
resin material and to set the foaming expansion ratio of the 
foamed molded piece forming the buckling energy absorbing 
member to 20 or less. This arrangement enables the compression 
energy absorbing member and the buckling energy absorbing 
member to be formed integrally with each other while ensuring 
the desired impact energy absorption performance, has the 
effect of reducing the number of assembly steps, and enables 
the vehicle bumper impact energy absorbing member to be 
constructed so as to be light in weight. 

(Claim 11) 

Buckling allowance spaces such as those indicated by a 
reference numeral 13 in Figures 1 and 2 for example can be 
provided on opposite sides of the buckling energy absorbing 
member in the vertical direction. In this case, the buckling 
energy absorbing member can be buckled and deformed in the 
buckling allowance spaces. Interference between the buckling 
energy absorbing member and the compression energy absorbing 
member or between buckling energy absorbing members at the 
time of buckling deformation of the buckling energy absorbing 
members can be reduced thereby, thus making is possible to 
obtain the required impact energy absorption effect. 
(Claim 12) 
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The buckling energy absorbing member may be formed 
integrally with the compression energy absorbing member by 
insert molding. In this case, the buckling energy absorbing 
member is made in advance and set in a mold and the 
compression energy absorbing member is insert molded. Although 
the molding process is somewhat complicated, the strength of 
mounting of the buckling energy absorbing member on the 
compression energy absorbing member can be improved and the 
number of vehicle assembly steps in a post process can be 
reduced. 
(Claim 13) 

The buckling energy absorbing member and the compression 
energy absorbing member may be separately formed and combined 
integrally with each other. In this case, the number of 
component parts is increased but the facility with which the 
compression energy absorbing member is formed can be improved 
and the two energy absorbing members can be firmly combined 
integrally with each other by an adhesive or the like. 
(Claim 14) 

A core member for a vehicle bumper can be formed by using 
the vehicle impact energy absorbing member. In this case, if 
the impact force on the vehicle impact energy absorbing member 
is set to a target value at which a pedestrian can be 
protected, it is possible to absorb a maximized amount of 
impact energy while ensuring the desired pedestrian protection 
performance at the time of contact with the bumper. 
(Claim 15) 

It is also preferable to provide the buckling energy 
absorbing member through the entire width of the bumper in the 
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front-rear direction. In this case, an impact load can be 
caused to act on the buckling energy absorbing member from an 
initial state of collision and impact energy in the initial 
stage of collision can be effectively absorbed by the buckling 
energy absorbing member. 
(Claim 16) 

The buckling energy absorbing member may be constituted 
by a member in the form of a plate made of a synthetic resin 
material and may be provided in a substantially horizontal 
plane along the lengthwise direction of the bumper and through 
the entire width of the bumper in the front-rear direction. 
(Claim 17) 

The buckling energy absorbing member may be provided 
integrally with a bumper facer, and an assembly space for 
accommodating the buckling energy absorbing member may be 
formed in the compression energy absorbing member. This 
arrangement is preferred because the number of component parts 
constituting the core can be reduced. 
(Claim 18) 

Also, the inventors of the present invention have 
conceived the idea that if an arrangement for generating a 
plurality of peak values one after another is adopted in a 
case where only a buckling energy absorbing member is used, a 
vehicle impact energy absorbing member can be realized which 
can maintain an impact force acting on the vehicle impact 
energy absorbing member at a target value at which a 
pedestrian and a passenger can be protected over the entire 
length of a time period during which impact energy is absorbed 
by the vehicle impact energy absorbing member and can absorb a 



maximized amount of impact energy while ensuring the desired 
pedestrian and passenger protection performance, and have 
completed a second vehicle impact energy absorbing member in 
accordance with the present invention . 

The second vehicle impact energy absorbing member in 
accordance with the present invention has a buckling energy 
absorbing portion which has a buckling characteristic such 
that a peak value of impact force is equal to or smaller than 
a set value, and in which a setting is made such that at least 
one of impact timing for starting absorption of impact energy 
and peak value timing for making the impact force have a peak 
value after collision is changed in a stepping manner or 
continuously. Impact energy applied to a vehicle body is 
absorbed by buckling deformation of the buckling energy 
absorbing portion. 

As described above, an impact force acting on the 
buckling energy absorbing member increases abruptly to a peak 
value in an initial stage of action of the impact force and 
has a tendency to decrease abruptly after passing the peak. 
This vehicle impact energy absorbing member is provided with a 
buckling energy absorbing portion in which a setting is made 
such that at least one of impact timing for starting 
absorption of impact energy and peak value timing for making 
the impact force have a peak value after collision is changed 
in a stepping manner or continuously. Accordingly, the 
buckling energy absorbing portion has peak values in a 
stepping manner or continuously during absorption of impact by 
the vehicle impact energy absorbing member from the start to 
the completion of impact absorption, and is capable of 
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maintaining the impact force on the vehicle impact energy 
absorbing member generally constantly over the entire length 
of the time period during which impact energy is absorbed by 
the vehicle impact energy absorbing member. Therefore, if the 
impact force on the vehicle impact energy absorbing member is 
set to a target value at which a pedestrian and a passenger 
can be protected, it is possible to absorb a maximized amount 
of impact energy while ensuring the desired pedestrian and 
passenger protection performance by limiting the impact force. 
(Claim 19, 20) 

Preferably, a plurality of buckling energy absorbing 
portions are independently provided in such a combination that 
the buckling energy absorption portions differ at least in the 
impact timing and the peak value timing, or a buckling energy 
absorbing portion in which a difference is caused at least in 
one of the impact timing and the peak value timing is 
integrally provided, and the integral buckling energy 
absorbing portion is buckled and deformed in a stepping manner 
or continuously to absorb the impact energy. In the case where 
buckling energy absorbing portions are independently provided, 
settings of impact force absorption peak values and the amount 
of deformation can be designed comparatively freely. In the 
case where an integral buckling energy absorbing portion is 
provided, the design of the buckling energy absorbing portion 
is complicated but the structure of the impact energy 
absorbing member as a whole can be simplified. 
(Claims 21 to 25) 

Preferably, the height of the buckling energy absorbing 
portion is varied to make a setting such that at least one of 
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the impact timing and the peak value timing is changed, or the 
thickness, width, arrangement density or sectional shape of 
the buckling energy absorbing portion is varied to change the 
peak value timing. It is also preferable to freely change a 
combination of these factors to make a setting such that at 
least one of the impact timing and the peak value timing is 
changed, 
(Claim 26, 27) 

The buckling energy absorbing portion may be constituted 
by a solid member made of a synthetic resin material. In this 
case, the buckling energy absorbing portion may be integrally 
formed on a member on the vehicle side. For example, in a case 
where the present invention is applied to a bumper, a door or 
a pillar, the buckling energy absorbing portion is integrally 
formed on a bumper facer, a door trim or a pillar trim. In 
this way, the impact energy absorption performance can be 
improved while minimizing the number of component parts . 
(Claims 28 to 31) 

Preferably, the buckling energy absorbing portion is 
constituted by a foamed molded piece made of a synthetic resin 
material, or a portion including a buckling energy absorbing 
portion constituted by a solid member made of a synthetic 
resin material and a buckling energy absorbing member 
constituted by a foamed molded piece made of a synthetic resin 
material is used as the above-described buckling energy 
absorbing portion. If such a foamed molded piece is used, the 
foaming expansion ratio of the buckling energy absorbing 
portion may be varied to make a setting such that at least one 
of the impact timing and the peak value timing is changed. 
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Further, the foaming expansion ratio of the foamed molded 
piece constituting the buckling energy absorbing portion may 
be set to 4 5 or lower in order to ensure the sufficient impact 
energy absorption performance while making the vehicle impact 
energy absorbing member light in weight. 
(Claim 32) 

Buckling allowance spaces such as those indicated by a 
reference numeral 112 in Figure 34 for example can be provided 
on opposite sides of the buckling energy absorbing member in 
the vertical direction. In this case, the buckling energy 
absorbing member can be buckled and deformed in the buckling 
allowance spaces. Interference between buckling energy 

absorbing members at the time of buckling deformation of the 
buckling energy absorbing members can be reduced thereby, thus 
making it possible to easily obtain the required impact energy 
absorption effect with reliability. 
(Claim 33) 

The vehicle impact energy absorbing member according to 
any one of claims 18 to 32 can be applied to the buckling 
energy absorbing member in the vehicle impact energy absorbing 
member according to claim 1. 
(Claim 34) 

A first vehicle impact energy absorbing structure in 
accordance with the present invention has the vehicle impact 
energy absorbing member according to any one of claims 1 to 
33, the vehicle impact energy absorbing member being provided 
in a space between a bumper reinforcing member provided in a 
front end portion of a vehicle along the vehicle width 
direction and a bumper facer covering the bumper reinforcing 



15 

member. In a bumper constructed in this manner, if the impact 
force on the vehicle impact energy absorbing member is set to 
a target value at which a pedestrian can be protected, it is 
possible to absorb a maximized amount of impact energy while 
ensuring the desired pedestrian protection performance at the 
time of contact with the bumper. 
(Claim 35) 

A second vehicle impact energy absorbing structure in 
accordance with the present invention has the vehicle impact 
energy absorbing member according to any one of claims 1 to 
13, and 18 to 33, the vehicle impact energy absorbing member 
being provided in a space between a door inner panel and a 
door trim. In a door constructed in this manner, if the impact 
force on the vehicle impact energy absorbing member is set to 
a target value at which a pedestrian can be protected, it is 
possible to absorb a maximized amount of impact energy while 
ensuring the desired pedestrian protection at the time of 
contact with the door. (Claim 36) 

A third vehicle impact energy absorbing structure in 
accordance with the present invention has the vehicle impact 
energy absorbing member according to any one of claims 1 to 13, 
and 18 to 33, the vehicle impact energy absorbing member being 
provided in a space between a pillar inner panel and a pillar 
trim. In a pillar constructed in this manner, if the impact 
force on the vehicle impact energy absorbing member is set to 
a target value at which a pedestrian can be protected, it is 
possible to absorb a maximized amount of impact energy while 
ensuring the desired pedestrian protection at the time of 
contact with the pillar. 
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Brief Description of the Drawings 

Figure 1 is a longitudinal sectional view of a front 
bumper to which a first vehicle impact energy absorbing member 
is applied; Figure 2 is a front view of the impact energy 
absorbing member; Figure 3 is a graph showing the relationship 
between displacement and impact force; Figure 4 is a front 
view of an impact energy absorbing member of another 
construction; Figure 5 is a front view of an impact energy 
absorbing member of another construction; Figure 6 is a front 
view of an impact energy absorbing member of another 
construction; Figure 7 is a front view of an impact energy 
absorbing member of another construction; Figure 8 is a front 
view of an impact energy absorbing member of another 
construction; Figure 9 is a longitudinal sectional view of a 
front bumper to which an impact energy absorbing member of 
another construction is applied; Figure 10 is a graph showing 
the relationship between displacement and impact force in a 
case where the construction of the impact energy absorbing 
member is changed; Figure 11 is a longitudinal sectional view 
of a front bumper to which an impact energy absorbing member 
of another construction is applied; Figure 12 is a 
longitudinal sectional view of a front bumper to which an 
impact energy absorbing member of another construction is 
applied; Figure 13 is a longitudinal sectional view of a 
front bumper to which an impact energy absorbing member of 
another construction is applied; Figure 14 is a longitudinal 
sectional view of a front bumper to which an impact energy 
absorbing member of another construction is applied; Figure 15 
is a front view of an impact energy absorbing member of 
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another construction; Figure 16 is a perspective view of a 
buckling energy absorbing member of another construction; 
Figure 17 is a perspective view of a buckling energy absorbing 
member of another construction; Figure 18 is a plan view of a 
buckling energy absorbing member of another construction; 
Figure 19 is a perspective view of a buckling energy absorbing 
member of another construction; Figure 20 is a longitudinal 
sectional view of a front bumper to which an impact energy 
absorbing member of another construction is applied; Figure 21 
is a side view of a front side door to which the first vehicle 
impact energy absorbing member is applied, the front side door 
being seen from the compartment side; Figure 22 is a cross- 
sectional view taken along the line A-A in Figure 21; Figure 
23 is a side view of an essential portion of a vehicle having 
a pillar to which the first vehicle impact energy absorbing 
member is applied; Figure 24 is a cross-sectional view taken 
along the line B-B in Figure 23; Figure 25 is a perspective 
view of a test piece used in an evaluation test; Figure 26 is 
a longitudinal sectional view of the test piece; Figure 27 is 
a graph showing the relationship between displacement and 
acceleration in a comparative example; Figure 28 is a graph 
showing the relationship between displacement and acceleration 
in example 1 of the present invention; Figure 29 is a graph 
showing the relationship between displacement and acceleration 
in example 2 of the present invention; Figure 30 is a graph 
showing the relationship between displacement and acceleration 
in example 3 of the present invention; Figure 31 is a graph 
showing the relationship between displacement and acceleration 
in example 4 of the present invention; Figure 32 is a graph 
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showing the relationship between displacement and acceleration 
in example 5 of the present invention; Figure 33 is a graph 
showing the relationship between displacement and acceleration 
in example 6 of the present invention; Figure 34 is a 
longitudinal sectional view of a front bumper to which a 
second vehicle impact energy absorbing member is applied; 
Figure 35 is a front view of the vehicle impact energy 
absorbing member; Figure 36 is a perspective view of an 
essential portion of the vehicle impact energy absorbing 
member; Figure 37 is a graph showing the relationship between 
displacement and impact force; Figure 38 is a longitudinal 
sectional view of a front bumper to which an impact energy 
absorbing member of another construction is applied; Figure 39 
is a longitudinal sectional view of a front bumper to which an 
impact energy absorbing member of another construction is 
applied; Figure 40 is a perspective view of an essential 
portion of an impact energy absorbing member used in the front 
bumper; Figure 41 is a perspective view of an essential 
portion of a front bumper to which an impact energy absorbing 
member of another construction is applied; Figure 42 is a 
perspective view of an essential portion of a front bumper to 
which an impact energy absorbing member of another 
construction is applied; Figure 43 is a longitudinal sectional 
view of a front bumper to which an impact energy absorbing 
member of another construction is applied; Figure 44 is a 
perspective view of an essential portion of a vehicle impact 
energy absorbing member used in the front bumper; Figure 45 is 
a plan view of an impact energy absorbing member of another 
construction; Figure 46 is a perspective view of an essential 
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portion of the impact energy absorbing member; Figures 47 (a) 
through 47 (d) are perspective views of essential portions of 
impact energy absorbing members of other constructions; Figure 
48 is a longitudinal sectional view of a front bumper to which 
an impact energy absorbing member of another construction is 
applied; Figure 4 9 is a longitudinal sectional view of a front 
bumper to which an impact energy absorbing member of another 
construction is applied; Figure 50 is a side view of a front 
side door to which the second vehicle impact energy absorbing 
member is applied, the front side door being seen from the 
compartment side; Figure 51 is a cross-sectional view taken 
along the line C-C in Figure 50; Figure 52 is a side view of 
an essential portion of a vehicle having a pillar to which the 
second vehicle impact energy absorbing member is applied; 
Figure 53 is a cross-sectional view taken along the line D-D 
in Figure 52; Figures 54(a) through 54(d) are perspective 
views of test pieces in examples of the present invention used 
in an evaluation test; Figures 55(a) and 55(b) are perspective 
views of test pieces in comparative examples used in the 
evaluation test; Figure 56 is a graph showing the relationship 
between displacement and acceleration in example 11 of the 
present invention; Figure 57 is a graph showing the 
relationship between displacement and acceleration in example 

12 of the present invention; Figure 58 is a graph showing the 
relationship between displacement and acceleration in example 

13 of the present invention; Figure 59 is a graph showing the 
relationship between displacement and acceleration in example 

14 of the present invention; Figure 60 is a graph showing the 
relationship between displacement and acceleration in 
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comparative example 11; Figure 61 is a graph showing the 
relationship between displacement and acceleration in 
comparative example 12; and Figure 62 is a graph showing the 
relationship between displacement and acceleration in 
comparative example 13. 

Best Mode for Carrying Out the Invention 

Embodiments of the present invention will be described 
below with reference to the drawings .( First Embodiment) 

In this first embodiment, a first vehicle impact energy 
absorbing member in accordance with the present invention is 
applied to a bumper of a motor vehicle. 

As shown in Figure 1, a bumper reinforcing member 1 
extending in the vehicle width direction is provided in a 
front end portion of a vehicle body; a bumper facer 2 of a 
well-known construction made of a synthetic resin material or 
a metallic material is provided on the front side of the 
bumper reinforcing member 1 so as to cover the same; and a 
first impact energy absorbing member 3 is mounted as a bumper 
core member between the bumper reinforcing member 1 and the 
bumper facer 2 . 

A front bumper 4 is constituted by the bumper facer 2 and 
the impact energy absorbing member 3. An impact load at the 
time of front-on collision is transferred to the impact energy 
absorbing member 3 through the bumper facer 2 and is received 
by these two members while these members are being deformed by 
the impact load. When a larger impact load acts on the bumper, 
the impact load acts on the bumper reinforcing member 1 to be 
received by the bumper reinforcing member 1 while the bumper 
reinforcing member 1 is being deformed by the impact load. The 
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impact energy absorbing structure in accordance with the 
present invention can also be applied to a rear bumper in the 
same manner. The impact energy absorbing member 3 has, as 
shown in Figures 1 and 2, a compression energy absorbing 
member 10 formed of a synthetic resin foamed molded piece and 
a buckling energy absorbing member 20 formed of a synthetic 
resin molded piece. Impact energy acting on the impact energy 
absorbing member 3 is absorbed by compression deformation of 
the compression energy absorbing member 10 substantially over 
the entire length of the impact energy absorption time period, 
and by buckling deformation of the buckling energy absorbing 
member 20 about an initial stage in the impact energy 
absorption period. 

The compression energy absorbing member 10 is formed into 
a shape corresponding to the space between the bumper 
reinforcing member 1 and the bumper facer 2 and is fitted in 
the space without a substantial gap therebetween. The 
compression energy absorbing member 10 is disposed on the 
front side of the bumper reinforcing member 1 so as to be 
compression-def ormable substantially over the entire length of 
the impact energy absorption time period. One opening 11 
elongated in the vehicle width direction is formed in the 
compression energy absorbing member 10 in correspondence with 
a portion of the compression energy absorbing member 10 at an 
intermediate position in the height direction so that its ends 
in the vehicle width directions are close to the opposite ends 
of the compression energy absorbing member 10. 

The buckling energy absorbing member 2 0 is a member II- 
shaped in section and made of a synthetic resin. The buckling 
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energy absorbing member 20 has a fixation portion 21 in the 
form of an elongated generally-flat plate and a pair of 
buckling portions 22 each in the form of an elongated 
generally-flat plate substantially equal in length to the 
fixation portion 21. The pair of buckling portions 22 is fixed 
on an intermediate portion of the fixation portion 21 
perpendicularly to the same while being spaced apart from each 
other. The fixation portion 21, which is a member for fixing 
the buckling portions 22 at a predetermined placement position, 
may be removed since it does not directly influence impact 
energy absorption characteristics. 

The fixation portion 21 is formed so as to have an 
external shape larger than the opening 11 of the compression 
energy absorbing member 10, and is attached to a rear surface 
of the compression energy absorbing member 10 so as to close 
the rear side of the opening 11. In a state where the fixation 
portion 21 is mounted in front of the bumper reinforcing 
member 1 together with the bumper facer 2 and the compression 
energy absorbing member 10, outer peripheral portion of the 
fixation portion 21 is pinched between the compression energy 
absorbing member 10 and the bumper reinforcing member 1. 

Opposite ends of the buckling portions 22 are fixed to 
the compression energy absorbing member 10 by being fitted in 
fixation grooves 12 in the compression energy absorbing member 
10, and tip ends of the buckling portions 22 are placed in 
vicinity of the bumper facer 2 by being passed through the 
opening 11 of the compression energy absorbing member 10 to 
enable the buckling portions 22 to be buckled and deformed in 
an initial stage in the impact energy absorption time period. 
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Buckling allowance spaces 13 are formed between the inner wall 
surface of the opening 11 of the compression energy absorbing 
member 10 and the buckling portions 22 and between the upper 
and lower buckling portions 22 according to such a setting 
that no mutual interference occurs between the inner wall 
surface of the compression energy absorbing member 10 and the 
buckling portions 22 when the buckling portions 22 buckle, 
thereby ensuring that buckling deformation of the buckling 
portions 22 are effected smoothly and reliably. The buckling 
allowance spaces 13 may be formed in the form of through holes 
through the entire width of the bumper in the front-rear 
direction. Alternatively , the buckling allowance spaces 13 may 
be provided in the form of holes opened in the frontward 
direction but closed at their bottoms. In such a case, the 
depth of the holes is set to 1/3 or more of the entire width 
of the bumper in the front-rear direction. Further, it is 
preferable to set each of the spacing between the buckling 
portions 22 and the spacing between the buckling portions 22 
and the compression energy absorbing member 10 as seen in 
Figure 1 to 1/3 or more of the entire the entire width of the 
bumper in the front-rear direction in order to ensure that 
buckling deformation of the buckling portions 22 are effected 
smoothly and reliably. 

As the compression energy absorbing member 10, a 
synthetic resin material, a synthetic rubber material or the 
like can be used if it is capable of absorbing an impact load 
by compression deformation. For example, a foamed molded piece 
made of a polystyrene resin, a polyolefin resin such as a 
polyethylene resin or a polypropylene, a copolymer of such 
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synthetic resin, or the like can be suitably used. 

In a case where such a foamed molded piece is formed by a 
bead method, a polyolefin resin, e.g., an ethylene-propylene 
random polypropylene resin, an ethylene-propylene block 
polypropylene resin, a homopolypropylene-ethylene-butene 
random terpolymer, a straight-chain low-density polyethylene 
(LLDPE) or crosslinked low-density polyethylene (crosslinked 
LDPE) can be suitably used, because such a row material itself 
has flexibility. The expansion ratio of foaming of the foamed 
molded piece is, preferably, within the range from 2 to 150, 
depending on the material of row-material beads. More 
specifically, prefoamed beads made of a polyolefin synthetic 
resin material having an expansion ratio in the range from 3 
to 90, preferably in the range from 3 to 60 are used because 
the impact force is considerably large if the foaming 
expansion ratio is excessively low, and because impact energy 
cannot be sufficiently absorbed if the foaming expansion ratio 
is excessively high. As the material of the buckling energy 
absorbing member 20, a synthetic resin material, a high- 
density foamed material or a metallic material can be used if 
it is capable of absorbing an impact load by buckling 
deformation. More specifically, a synthetic resin material 
formed of a polystyrene synthetic resin, a polyolefin 
synthetic resin such as a polyethylene resin or a 
polypropylene resin, a copolymer of these resins or the like 
or a high-density foamed piece of such a resin material can be 
used. If the buckling energy absorbing member 20 is formed of 
a high-density foamed material, it is preferable to set the 
foaming expansion ratio to 20 or less to ensure that the 
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buckling energy absorbing member 20 can buckle. At the time 
of selection from energy absorbing materials, it is preferable, 
from the viewpoint of recycling, to form both the compression 
energy absorbing member and the buckling energy absorbing 
member from a polypropylene resin. 

In the impact energy absorbing member 3, when an impact 
load acts on the front bumper 4, the impact force acting on 
the compression energy absorbing member 10 in a single state 
has a tendency to increase with the increase in the 
displacement of the compression energy absorbing member 10, as 
shown in Figure 3, and the impact force acting on the buckling 
energy absorbing member 20 in a single state increases 
abruptly to a peak value in an initial stage of action of the 
impact force and has a tendency to decrease abruptly after 
passing the peak, as shown in Figure 3. Since the compression 
energy absorbing member 10 and the buckling energy absorbing 
member 20 are provided together in the impact energy absorbing 
member 3, the impact forces acting on the two energy absorbing 
members 10 and 20 are combined so that the impact force acting 
on the impact energy absorbing member 3 is generally constant 
substantially over the entire length of the time period during 
which impact energy is absorbed by the impact energy absorbing 
member 3, thus making it possible to effectively absorb impact 
energy substantially over the entire length of the impact 
energy absorption period while ensuring sufficiently high 
pedestrian protection performance by setting the impact force 
to a comparatively low strength. In designing of the impact 
energy absorbing member 3, a material, a foaming expansion 
ratio and a size for each portion in the compression energy 
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absorbing member 10 and a material, a shape, a certain number 
of portions and a size for each portion in the buckling energy 
absorbing member 20 are set to obtain such an impact energy 
absorption characteristic. It is possible to freely design the 
impact energy absorption characteristic of the impact energy 
absorbing member 3, i.e., the energy absorption curve, by 
selecting a combination of the foaming expansion ratios, the 
materials, the shapes and the sizes of the portions in the 
compression energy absorbing member 10 and the buckling energy 
absorbing member 20 . Description will be made of other 
embodiments in which the construction of the impact energy 
absorbing member 3 is partially changed. The same members are 
those in the above-described first embodiment are indicated by 
the same reference numerals and detailed description for them 
will not be repeated. 

(Compression energy absorbing member) 

(1) Settings in terms of the number, sizes and formation 
positions of openings 11 of the compression energy absorbing 
member 10 can be freely made. For example, as in an impact 
energy absorbing member 3A shown in Figure 4, a compression 
energy absorbing member 10A having three openings 11A may be 
used in place of the compression energy absorbing member 10. 
Also, as in an impact energy absorbing member 3B shown in 
Figure 5, a compression energy absorbing member 10B having two 
openings 11B may be used in place of the compression energy 
absorbing member 10. Intermediate portions of the buckling 
portions 22 are supported by a partition wall portion 15 
between the openings 11A or 11B. 

(2) As in an impact energy absorbing member 3C shown in 
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Figure 6, compression energy absorbing members IOC which are 
placed in the buckling energy absorbing member 20 without 
providing any buckling allowance space 13 may be used in place 
of the compression energy absorbing member 10. The compression 
energy absorbing member IOC placed between the two buckling 
energy absorbing members 20 and the compression energy 
absorbing members 10C placed outside the two buckling energy 
absorbing members 20 may be formed of the same material at 
different foaming expansion ratios or may be formed of 
different materials. In this case, full use can be made of the 
shock-absorbing effect of the compression energy absorbing 
members 10C, although the design of the impact energy 
absorbing member 3C becomes somewhat complicated. This 
arrangement is therefore preferable from the viewpoint of 
improving the shock-absorbing ef feet . (Buckling energy 
absorbing member) 

(3) Settings in terms of the number, thickness and length of 
buckling portions 22 provided in the buckling energy absorbing 
member 20 can be freely made. For example, as in an impact 
energy absorbing member 3D shown in Figure 7, a buckling 
energy absorbing member 20D in which one buckling portion 22 
is provided may be provided in place of the buckling energy 
absorbing member 20. Also, as in an impact energy absorbing 
member 3E shown in Figure 8, a buckling energy absorbing 
member 20E in which three buckling portions 22 are provided 
may be provided in place of the buckling energy absorbing 
member 20. Also, a buckling energy absorbing member in which 
buckling portions shorter in the left-right direction are 
provided integrally with the fixation portion 21 while being 
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spaced apart from each other in the left-right direction may 
be used in place of the buckling energy absorbing member 20. 
Further, a buckling energy absorbing member in which a 
buckling portions each in the form of a vertical plate 
disposed in a substantially vertical plane are provided at 
equal intervals as projections on the fixation portion 21 or a 
buckling energy absorbing member in which buckling portions 
each placed in a horizontal plane and buckling portions each 
placed in a vertical plane are provided in a predetermined 
array as projections on the fixation portion 21 may be 
provided in place of the buckling energy absorbing member 20. 
(4) As in an impact energy absorbing member 3F shown in 
Figure 9, a buckling energy absorbing member 20F having 
buckling portions 22F having tip ends projecting frontward 
beyond the compression energy absorbing member 10 may be used 
in place of the buckling energy absorbing member 20. In this 
case, a setting can be made such that the impact force acting 
on the impact energy absorbing member 3 is generally constant 
substantially over the entire length of the time period during 
which impact energy is absorbed by the impact energy absorbing 
member 3, as shown in Figure 10, even though energy absorbing 
deformation of the buckling energy absorbing member 20 starts 
earlier than energy absorbing deformation of the compression 
energy absorbing member 10 and the amount of deformation of 
the buckling energy absorbing member 20F before buckling is 
large. 

In a case where a plurality of buckling portions are 
provided, the arrangement may be such that at least one of 
them is formed as a buckling portion 22F having a tip end 
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projecting frontward beyond the compression energy absorbing 
member 10, while the other buckling portions are formed as 
buckling portions 22 having tip ends extending to the vicinity 
of the outer surface of the compression energy absorbing 
member 10. For example, as in an impact energy absorbing 
member 3G shown in Figure 11, a buckling energy absorbing 
member 20G having three buckling portions consisting of two 
buckling portions 22F and one buckling portion 22 disposed 
between the two buckling portions 22F may be used in place of 
the buckling energy absorbing member 20. 

(5) As shown in Figure 12, a buckling energy absorbing member 
20H in which a fixation portion 21H and a pair of buckling 
portions 22H are formed by bending two side portions of a 
member in the form of a plate may be used in place of the 
buckling energy absorbing member 20. 

(6) As in an impact energy absorbing member 31 shown in 
Figure 13, a buckling energy absorbing member 201 in which a 
portion 23 having a closed sectional shape and fixed as a base 
portion to the fixation portion 21 is provided and buckling 
portions 221 which extend frontward are formed on the portion 
23 having the closed sectional shape may be provided in place 
of the buckling energy absorbing member 20. 

(7) As in an impact energy absorbing member 3 J shown in 
Figure 14, a buckling energy absorbing member 20 J in which a 
receiving portion 24 in the form of a plate for receiving an 
impact load is formed integrally with tip ends of the buckling 
portions 22 may be provided in place of the buckling energy 
absorbing member 20. In this case, an impact load can be 
received through the surface of the receiving portion 24 and, 
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therefore, the pedestrian protection performance can be 
further improved. Also in the case of the impact energy 
absorbing members other than the impact energy absorbing 
member 3J, the same effect can be obtained by reversing the 
impact energy absorbing member in the front-rear direction so 
that the fixation portion is placed on the bumper facer side. 

(8) As in an impact energy absorbing member 3K shown in 
Figure 15, a buckling energy absorbing member 20K having a 
buckling portion 22K on which ribs 25 are formed at suitable 
intervals in the lengthwise direction may be provided in place 
of the buckling energy. absorbing member 20. Also, a buckling 
energy absorbing member 20L, such as shown in Figure 16, which 
is formed by removing the fixation portion 21 in the buckling 
energy absorbing member 2 OK, and which has only a buckling 
portion 22L and ribs 25, may be used. 

(9) A buckling energy absorbing member 20M, such as shown in 
Figure 17, which has a buckling portion 22M having a wavelike 
shape as seen in a front view and standing upright on the 
fixation portion 21, may be used in place of the buckling 
energy absorbing member 20. Also, a buckling energy absorbing 
member 20N, such as shown in Figure 18, which has a buckling 
portion 22N having a wavelike shape as seen in a plan view and 
standing upright on the fixation portion 21, may be used. 

(10) A buckling portion in the form of a cylinder, a truncated 
cone, a prism or the like may be provided as a projection on 
the fixation portion 21 in place of the buckling portion 22 in 
the form of a plate. Each of buckling portions having such 
three-dimensional shapes may be formed so as to be closed at 
its top and at its bottom or closed only at its bottom, or may 
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be formed as a tube open at its top and at its bottom. Also, a 
plurality of buckling portions each formed without the 
fixation portion 21 may be disposed. More specifically, a 
buckling energy absorbing member 20P, such as shown in Figure 
19, which has a cylindrical buckling portion 22P and a 
fixation portion 21P in the form of a flange formed so as to 
project outward from the base end of the buckling portion 22P 
in place of the fixation portion 21 and the buckling portion 
22 may be used, and buckling energy absorbing members 20P may 
be disposed at set intervals in the lengthwise direction of 
the bumper with their center axes positioned along the front- 
rear direction. A combination of the compression energy 
absorbing members and the buckling energy absorbing members in 
the first and other embodiments described above may be freely 
selected. A compression energy absorbing member and a buckling 
energy absorbing member manufactured separately from each 
other may be integrally combined by an adhesive or the like. A 
compression energy absorbing member and a buckling energy 
absorbing member may be integrally formed by insert molding in 
such a manner that the buckling energy absorbing member 
manufactured in advance is set in a mold for forming the 
compression energy absorbing member. As in an impact energy 
absorbing member 3Q shown in Figure 20, the buckling energy 
absorbing member 20 may be removed and a bumper facer 2Q 
having buckling portions 22Q extending rearward, formed 
integrally therewith and capable of being inserted in an 
assembly space formed by an opening 11 and fixation grooves 12 
to mount the compression energy absorbing member 10 may be 
provided in place of the bumper facer 2. 
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( Second Embodiment ) 

In this second embodiment, the first vehicle impact 
energy absorbing member in accordance with the present 
invention is applied to a front side door of a motor vehicle. 

Description will be made of the front side door 40 with 
reference to Figures 21 and 22. A side door main body 43 
constituted by a door outer panel 41 and a door inner panel 42 
and closed as viewed in section is provided and a door trim 4 6 
is provided on the compartment side of the side door main body 
43. The door trim 46 has an upper projecting portion 44 and a 
lower projecting portion 45 which extend through its entire 
length in the vehicle front-rear direction, and which are 
disposed in correspondence with the breast and waist of a 
passenger so as to project on the compartment side. An upper 
impact energy absorbing member 4 7 is provided in the upper 
projecting portion 44 between the door inner panel 42 and the 
door trim 46, while a lower impact energy absorbing member 48 
is provided in the lower projecting portion 45 between the 
door inner panel 42 and the door trim 46. 

Each of the upper and lower impact energy absorbing 
members 47 and 48 has basically the same construction as that 
of the impact energy absorbing member 3 in the above-described 
first embodiment, but differs in size from the same. The 
corresponding impact energy absorbing member can be understood 
as capable of being mounted on the side door 40 if the bumper 
reinforcing member 1 in the first embodiment is reread as door 
inner panel 42; the bumper facer 2 as door trim 4 6; and the 
vehicle width direction as the vehicle front-rear direction. 

More specifically, the upper and lower impact energy 
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absorbing members 4 7 and 48 have, as members corresponding to 
the compression energy absorbing member 10 and the buckling 
energy absorbing member 20 in the above-described first 
embodiment, compression energy absorbing members 50 and 55 
formed of synthetic resin foamed molded pieces and buckling 
energy absorbing members 60 and 65 formed of synthetic resin 
molded pieces, and are constructed so that impact energy 
acting on the impact energy absorbing members 47 and 48 is 
absorbed by the compression energy absorbing members 50 and 55 
substantially over the entire length of the impact energy 
absorption time period while the compression energy absorbing 
members 50 and 55 are being compression-deformed, and by the 
buckling energy absorbing members 60 and 65 about an initial 
stage in the impact energy absorption time period while the 
buckling energy absorbing members 60 and 65 are buckled and 
deformed. 

The compression energy absorbing members 50 and 55 are 
formed into shapes respectively corresponding to the spaces 
between the door inner panel 42 and the upper projecting 
portion 44 and the lower projecting portion 45 of the door 
trim 46 and are fitted into the spaces without a substantial 
gap. The compression energy absorbing members 50 and 55 are 
disposed on the compartment side of the door inner panel 42 to 
absorb impact energy applied to a passenger. In each of the 
compression energy absorbing members 50 and 55, one opening 51 
or 56 extending in the vehicle front-rear direction is formed 
at an intermediate position in the height direction, the ends 
of the opening in the height direction being in the vicinity 
of the two ends of the compression energy absorbing member 50 
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or 55 . 

The buckling energy absorbing members 60 and 65 are 
members made of a synthetic resin, n-shaped in section and 
having fixation portions 61 and 66 in the form of elongated 
generally-flat plates and pairs of upper and lower buckling 
portions 62 and 67 which are fixed on intermediate portions of 
the fixation portions 61 and 66 perpendicularly to the same 
while being spaced apart from each other, and which are in the 
form of elongated generally-flat plates substantially equal in 
length to the fixation portions 61 and 66. 

One of the impact energy absorbing members 4 7 and 4 8 can 
be removed, and any of impact energy absorbing members 4 7 and 
48 of the various constructions described above by way of 
example in the description of the first embodiment can be 
assembled in the same manner in place of the upper and lower 
impact energy absorbing members 47 and 48. In this second 
embodiment, the present invention is applied to the front side 
door 40 on the driver seat side. However, the present 
invention can also be applied to a front side door on the 
passenger seat side and can be applied to left and right rear 
side doors in the same manner. 
(Third Embodiment) 

In this third embodiment, the first vehicle impact energy 
absorbing member in accordance with the present invention is 
applied to a front pillar 70 of a motor vehicle. Description 
will be made of the front pillar 70 with reference to Figures 
23 and 24. A pillar main body 74 constituted by a pillar outer 
panel 71 and a pillar inner panel 72 and closed as viewed in 
section is provided and a pillar trim 73 is provided on the 
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compartment side of the pillar main body 74. An impact energy 
absorbing member 75 is provided between the pillar inner panel 
72 and the pillar trim 73. 

The impact energy absorbing member 75 has basically the 
same construction as that of the impact energy absorbing 
member 3 in the above-described first embodiment, but differs 
in size from the same. The corresponding impact energy 
absorbing member can be understood as capable of being mounted 
on the front pillar 70 if the bumper reinforcing member 1 in 
the first embodiment is reread as pillar inner panel 72; the 
bumper facer 2 as pillar trim 73; and the vehicle width 
direction as the lengthwise direction of the pillar 70. More 
specif ically, the impact energy absorbing member 75 has, as 
members corresponding to the compression energy absorbing 
member 10 and the buckling energy absorbing member 20 in the 
above-described first embodiment, a compression energy 
absorbing member 8 0 formed of a synthetic resin foamed molded 
piece and a buckling energy absorbing member 90 formed of a 
synthetic resin molded piece, and is constructed so that 
impact energy acting on the impact energy absorbing member 75 
is absorbed by the compression energy absorbing member 80 
substantially over the entire length of the impact energy 
absorption time period while the compression energy absorbing 
member 80 is being compression-deformed, and by the buckling 
energy absorbing member 90 about an initial stage in the 
impact energy absorption time period while the buckling energy 
absorbing member 90 is buckled and deformed. The compression 
energy absorbing member 80 is formed into a shape 
corresponding to the space between the pillar inner panel 72 
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and the pillar trim 73 and is fitted into the space without a 
substantial gap. The compression energy absorbing member 80 is 
disposed on the compartment side of the pillar inner panel 72 
to absorb impact energy applied to a passenger. In the 
compression energy absorbing member 80, one opening 81 
extending in the lengthwise direction of the pillar 70 is 
formed at an intermediate position in the height direction, 
the ends of the opening 81 in the lengthwise direction being 
in the vicinity of the two ends of the compression energy 
absorbing member 80. The buckling energy absorbing member 90 is 
a member made of a synthetic resin, n-shaped in section and 
having a fixation portion 91 in the form of an elongated 
generally-flat plate and a pair of upper and lower buckling 
portions 92 which are fixed on an intermediate portion of the 
fixation portion 91 perpendicularly to the same while being 
spaced apart from each other, and which are in the form of 
elongated generally-flat plates substantially equal in length 
to the fixation portion 91. In place of the impact energy 
absorbing member 75, any of impact energy absorbing members 75 
of the various constructions described above by way of example 
in the description of the first embodiment can be assembled in 
the same manner. In this third embodiment, the present 

invention is applied to the front pillar 70. However, the 
present invention can also be applied to a center pillar and a 
rear pillar in the same manner. 

While the first to third embodiments have been described 
with respect to cases of application of the present invention 
to a bumper, a side door and a pillar of a vehicle, the 
present invention can also be applied in the same manner to 
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portions other than these. 

Description will next be made of a shock-absorbing 
performance test. 
(Test piece) 

A compression energy absorbing member 30 formed of a 
foamed molded piece having a size shown in Figures 25 and 26 
was made by a bead method using prefoamed beads made of a 
polypropylene resin and packing the prefoamed beads in a mold 
so that the molded piece expansion ratio was 11 (using EPERAN- 
PP, a raw material produced by KANEKA CORPORATION) . A buckling 
energy absorbing member 31 formed of a non-foamed piece in the 
form of a plate made of a polypropylene resin and having a 
size shown in Figures 25 and 26 was also made. Six test pieces 
formed by mounting two buckling energy absorbing members 31 in 
the compression energy absorbing member 30 in a state of being 
spaced apart from each other were made. 

One test piece formed of a foamed molded piece which has 
an external size set to the same size as that of the 
compression energy absorbing member 30 and which has no 
opening corresponding to the central opening of the 
compression energy absorbing member 30 was also made as a 
comparative example . 
(Testing method) 

The seven test pieces were successively set on a 
supporting base, an impacting object formed of a round rod 
having a weight of 21.3 kg and a diameter of 70 mm was caused 
to collide at a speed of 4.0 m/s against a central portion of 
the test piece at a center in the lengthwise direction along 
the widthwise direction, and the displacement and acceleration 
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of the test piece at the time of collision were measured, 
thereby obtaining the results of measurement of the 
comparative example shown in Figure 27 and the results of 
measurement of the examples 1 to 6 of the present invention 
shown in Figures 28 to 33. From these results, the 
displacement of each test piece, the maximum acceleration, the 
impact force, the amount of energy absorption and the energy 
absorption efficiency were obtained to form Table 1. 
(Table 1) 
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From Table 1, it can be understood that the impact values 
in the examples 1 to 6 of the present invention using the 
compression energy absorbing member 30 and the buckling energy 
absorbing member 31 were reduced to 22.6% of that in the 
comparative example formed only of a foamed molded piece, the 
energy absorption efficiency in the examples of the present 
invention was improved by 10%, and the pedestrian protection 
performance was thus improved. 

Description will now be made of a second vehicle impact 
energy absorbing member in accordance with the present 
invention . 
( Fourth Embodiment ) 

In this fourth embodiment, the second vehicle impact 
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energy absorbing member in accordance with the present 
invention is applied to a front bumper of a motor vehicle. As 
shown in Figure 34, a bumper reinforcing member 101 extending 
in the vehicle width direction is provided in a front end 
portion of a vehicle body; a bumper facer 102 is provided on 
the front side of the bumper reinforcing member 101 so as to 
cover the same; and an impact energy absorbing member 103 is 
mounted between the bumper reinforcing member 101 and the 
bumper facer 102. A front bumper 104 is constituted by the 
bumper facer 102 and the impact energy absorbing member 103. 
An impact load at the time of front-on collision is 
transferred to the impact energy absorbing member 103 through 
the bumper facer 102 and is received by these two members 
while these members are being deformed by the impact load. 
When a larger impact load acts on the bumper, the impact load 
acts on the bumper reinforcing member 101 to be received by 
the bumper reinforcing member 101 while the bumper reinforcing 
member 101 is being deformed by the impact load. The present 
invention can also be applied to an impact energy absorbing 
member 103 in a rear bumper in the same manner. The impact 
energy absorbing member 103 has, as shown in Figures 34 to 36, 
a fixation portion 110 disposed on the front side of the 
bumper reinforcing member 101 along the vehicle width 
direction, and four buckling energy absorbing portions 111 
extending frontward from the fixation portion 110. The impact 
energy absorbing member 103 is provided inside the bumper 
facer 102 substantially through the entire length in the 
vehicle width direction. As the material of the impact energy 
absorbing member 103, a solid member made of a synthetic resin 
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material, a high-density foamed piece or a metallic material 
can be used as long as it is capable of absorbing an impact 
load by buckling deformation. As the synthetic resin material, 
a solid member or high-density foamed piece of a synthetic 
resin material composed of a polystyrene synthetic resin, a 
synthetic resin material formed of a polyolefin synthetic 
resin such as a polyethylene resin or a polypropylene resin, a 
copolymer of these resins or the like can be used. If the 
buckling energy absorbing member 103 is formed of a high- 
density foamed material, it is preferable to set the foaming 
expansion ratio to 45 or less to ensure that the buckling 
energy absorbing portions 111 can buckle. From the viewpoint 
of recycling in particular, it is preferable to form the 
impact energy absorbing member 103 from a polypropylene resin. 
As a metallic material, a light alloy such as an aluminum 
alloy or magnesium alloy can be suitably used which is 
lightweight and can easily be buckled and deformed. As the 
fixation portion 110, a portion of any construction can be 
used if it is capable of fixing the buckling energy absorbing 
portions 111 on the bumper reinforcing member 101. The 
fixation portion 110 may be provided through the entire length 
of the impact energy absorbing member 103 or fixation portions 
110 may be disposed at certain intervals in vehicle width 
direction. The four buckling energy absorbing portions 111 are 
disposed parallel to each other in a state of being spaced 
apart from each other in the vertical direction. Two 111a of 
the four buckling energy absorbing portions 111 are formed so 
as to be slightly longer than the other two buckling energy 
absorbing portions 111b in the front-rear direction (slightly 
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higher) and protrude frontward beyond the buckling energy- 
absorbing portions 111b. A buckling allowance space 112 is 
formed between each adjacent pair of the buckling energy 
absorbing portions 111, and a setting is made such as to avoid 
mutual interference between the buckling energy absorbing 
portions 111 when the buckling energy absorbing portions 111 
buckle, thereby enabling the buckling energy absorbing 
portions 111 to be buckled and deformed smoothly and reliably. 

In this buckling energy absorbing member 103, impact 
timing for staring absorption of impact energy in the buckling 
energy absorbing portions 111b is set with a delay 
corresponding to the difference between the lengths of the 
buckling energy absorbing portions 111a and 111b from impact 
timing for starting absorption of impact energy in the 
buckling energy absorbing portions 111a, as shown in Figure 39, 
and it is possible to adjust the apparent peak value timing of 
the buckling energy absorbing portions 111a and 111b to 
different timings by selecting the lengths of the buckling 
energy absorbing portions 111a and 111b. Therefore, a setting 
is made such that the impact forces on the buckling energy 
absorbing portions 111a and 111b reach their peak values one 
after another during the time period from the start to the 
completion of impact absorption, thereby enabling the impact 
force on the vehicle impact energy absorbing member 103 to be 
maintained generally constantly over the entire length of the 
time period during which impact energy is absorbed by the 
impact energy absorbing member 103. A setting is also made 
such that the impact force on the vehicle impact energy 
absorbing member 103 is equal to or lower than an allowable 
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value (e.g., 200 to 300 m/s 2 ) at which the desired pedestrian 
and passenger protection performance can be ensured, thus 
enabling absorption of a maximized amount of impact energy 
while limiting the impact force and ensuring the desired 
pedestrian and passenger protection performance. In the 
above-described fourth embodiment, the projecting lengths of 
the buckling energy absorbing portions 111a and 111b are made 
different to provide a difference in impact timing for 
starting impact energy absorption, thus making a such a 
setting that the impact force on the buckling energy absorbing 
portions 111 increases two steps to have two peak values. 
However, the peak value timing may be suitably set in such a 
manner that at least one of the number, array, thickness, 
foaming expansion ratio, disposition density and cross- 
sectional shape of buckling energy absorbing portions 111 is 
changed to set a difference in buckling characteristic after 
collision between the buckling energy absorbing portions 111, 
and the peak value timing for making the impact force have a 
peak value after actual collision is adjusted according to the 
different characteristics. Also, any combination of at least 
two of a buckling energy absorbing portion formed of a foamed 
molded piece made of a synthetic resin material, a buckling 
energy absorbing portion formed of a solid member made of a 
synthetic resin material and a buckling energy absorbing 
portion formed of a metallic material may be used and set so 
that the impact force on the buckling energy absorbing 
portions peaks in a stepping manner or continuously, and a 
combination of buckling energy absorbing portions differing in 
impact timing and buckling energy absorbing portions differing 
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in peak value timing may be used and set so that the impact 
force on the buckling energy absorbing portions peaks in a 
stepping manner or continuously. More specifically, the 
construction of the impact energy absorbing member in the 
fourth embodiment may be partially changed to provided 
arrangements described below. The same members are those in 
the above-described fourth embodiment are indicated by the 
same reference numerals and detailed description for them will 
not be repeated. 

(1) In the above-described fourth embodiment, longer buckling 
energy absorbing portions 111a are disposed on the opposite 
sides of the pair of shorter buckling energy absorbing 
portions 111b in the vertical direction. Alternatively, as in 
an impact energy absorbing member 103A shown in Figure 38, 
shorter buckling energy absorbing portions 111b may be 
disposed on the opposite sides of a pair of longer buckling 
energy absorbing portions 111a in the vertical direction. Also, 
buckling energy absorbing portions 111b and 111a may be 
alternately disposed. 

(2) In the impact energy absorbing member 103, buckling 
energy absorbing portions 111a and 111b defined by two 
projecting lengths are provided. However, buckling energy 
absorbing portions defined by three or more different lengths 
may be used. In such a case, the impact force on the impact 
energy absorbing member 103 at the time of collision can be 
adjusted more finely. 

(3) As the impact energy absorbing member 103, a plurality of 
types of buckling energy absorbing portions differing in 
thickness may be used. Also, as in an impact energy absorbing 
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member 103B shown in Figures 39 and 40, a plurality of types 
of buckling allowance spaces 112B differing in depth may be 
formed in place of the buckling allowance spaces 112 and a 
buckling energy absorbing portion 111B may be provided which 
includes upper and lower pairs of buckling energy absorbing 
portions 120 changed in thickness between the tip end side and 
the base end side and a buckling energy absorbing portion 111a 
disposed between the pairs of buckling energy absorbing 
portions 120. 

(4) As in an impact energy absorbing member 103C shown in 
Figure 41, buckling energy absorbing portions 111C extending 
frontward from the fixation portion 110 to the vicinity of 
bumper facer 102 may be provided and a setting of peak value 
timing after collision may be made in such a manner that front 
end portions 121 of the buckling energy absorbing portions 
111C are formed so as to have a wavelike shape undulating in 
the front-rear direction continuously or in a stepping manner 
in a generally horizontal plane to change the peak value 
timing continuously or in a stepping manner in correspondence 
with peaks and valleys of the wavelike shape. The impact 
timing may be adjusted by shifting the phases of the waves of 
adjacent pairs of the buckling energy absorbing portions 111C 
or by changing the period of the waves. 

(5) As in an impact energy absorbing member 103D shown in 
Figure 42, buckling energy absorbing portions HID extending 
frontward from the fixation portion 110 to the vicinity of 
bumper facer 102 and having slits 122 formed therein at set 
intervals in the vehicle width direction and extending from 
their front edges toward their rear portions may be provided 
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and a setting of the depths of adjacent pairs of the slits 122 
may be made such that the rear ends of the slits 122 are 
positioned along a wavelike shape undulating in the front-rear 
direction in a stepping manner. The impact timing may be 
adjusted by shifting the phases of the waves of adjacent pairs 
of the buckling energy absorbing portions HID or by changing 
the period of the waves. 

(6) As in an impact energy absorbing member 103E shown in 
Figures 43 and 44, a plurality of buckling energy absorbing 
portions 111E arranged at set intervals in the vehicle width 
direction and extending frontward may be provided vertically 
on the fixation portion 110 and the front ends of the buckling 
energy absorbing portions 111E arranged near the bumper facer 
102 may be formed in a wavelike shape undulating in the front- 
rear direction in a continuous or stepping manner in a 
vertical plane to provide a setting such that impact timing 
for starting absorption of impact energy is changed 
continuously or in a stepping manner in correspondence with 
peaks and valleys of the wavelike shape. 

(7) As in an impact energy absorbing member 103F shown in 
Figures 45 and 46, a plurality of buckling energy absorbing 
portions 111F arranged at set intervals in the vehicle width 
direction and extending frontward may be provided vertically 
on the fixation portion 110, and a setting of the height of 
the buckling energy absorbing portions 111F may be made such 
that the front ends of the buckling energy absorbing portions 
111F form a wavelike shape undulating in the front-rear 
direction in a stepping manner in a horizontal plane. 

(8) Buckling energy absorbing portions 111 having any shape 
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other than the shape of a plate can be used. As in impact 
energy absorbing members 103G and 103H shown in Figures 47(a) 
and 47 (b) , buckling energy absorbing portions 125 in the form 
of cylinders or prisms may be used. Also, as in an impact 
energy absorbing member 1031 shown in Figure 47 (c) , buckling 
energy absorbing portions 126 and 127 in the form of oval or 
elongated ribs may be used. Also, as in an impact energy 
absorbing member 103J shown in Figure 47 (d) , buckling energy 
absorbing portions 128 in the form of circular or rectangular 
tubes or truncated cones may be used. 

(9) In a portion where a delay in peak value timing after 
collision is required, the density at which buckling energy 
absorbing portions are arranged or the sectional area of 
buckling energy absorbing portions may be increased relative 
to the density or sectional area in the other portion. For 
example, as in the impact energy absorbing member 103H shown 
in Figure 47(b), the density of arrangement of buckling energy 
absorbing portions 125 may be increased at an intermediate 
position in the height direction to cause a delay in peak 
value timing after collision. Also, as in the impact energy 
absorbing member 1031 shown in Figure 47 (c) , the length of 
buckling energy absorbing portions 126 in the vehicle width 
direction at two positions in the vertical direction is set 
shorter than buckling energy absorbing portions 127 at an 
intermediate position in the vertical direction such that the 
sectional area of buckling energy absorbing portions 127 at 
the intermediate position in the vertical direction is set 
larger to cause a corresponding delay in peak value timing 
after collision. 
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(10) The buckling energy absorbing portion 111 and the 
fixation portion 110 may be formed integrally with each other 
or may be separately formed and integrally combined by an 
adhesive or the like. If this construction is adopted, an 
operation for assembling the impact energy absorbing member 
103 is required. However, an impact energy absorbing member 
having a plurality of types of buckling energy absorbing 
portions differing in foaming expansion ratio for example can 
be easily manufactured. Also, an impact energy absorbing 
member formed by using a freely-selected combination of at 
least two of a buckling energy absorbing portion formed of a 
foamed molded piece made of a synthetic resin material, a 
buckling energy absorbing portion formed of a solid member 
made of a synthetic resin material and a buckling energy 
absorbing portion formed of a metallic material can be easily 
manufactured. If a plurality of types of buckling energy 
absorbing portions differing in foaming expansion ratio for 
example are used, the impact force on the buckling energy 
absorbing portions after collision can be adjusted in the 
vicinity of a predetermined value, because buckling 
deformation can occur more easily if the foaming expansion 
ratio is increased. 

(11) As in an impact energy absorbing member 103K shown in 
Figure 48, a buckling energy absorbing portion 111K in which a 
receiving portion 130 in the form of a plate for receiving an 
impact load is formed integrally with tip ends of buckling 
energy absorbing portions 111 may be provided in place of the 
buckling energy absorbing portion 111. In this case, an impact 
load can be received through the surface of the receiving 
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portion 130, thereby making it possible to further improve the 
pedestrian protection performance. In the case of the impact 
energy absorbing members other than the impact energy 
absorbing member 103K, however, the same effect can also be 
obtained by reversing the impact energy absorbing member in 
the front-rear direction so that the fixation portion 110 is 
placed on the bumper facer 102 side. 

(12) As in an impact energy absorbing member 103L shown in 
Figure 4 9, arrangement may be adopted in which buckling energy 
absorbing portions 131 extending rearward are formed on the 
bumper facer 102 along the vehicle width direction; a buckling 
energy absorbing portion 111L in which three buckling energy 
absorbing portions 111a are provided in a state of being 
spaced apart from each other in the vertical direction is 
provided; the buckling energy absorbing portions 131 is formed 
so as to be shorter than the buckling energy absorbing 
portions 111a; and impact energy is absorbed by- the buckling 
energy absorbing portions 111a and 131. The arrangement may 
alternatively be such that the buckling energy absorbing 
portion 111L on the bumper reinforcing member 101 side is 
removed and buckling energy absorbing portions 111a and 131 
are formed on the bumper facer 102. 
(Fifth Embodiment) 

In this fifth embodiment, the second vehicle impact 
energy absorbing member in accordance with the present 
invention is applied to a front side door of a motor vehicle. 

Description will be made of the front side door 140 with 
reference to Figures 50 and 51. A side door main body 143 
constituted by a door outer panel 141 and a door inner panel 
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142 and closed as viewed in section is provided and a door 
trim 14 6 is provided on the compartment side of the side door 
main body 143. The door trim 146 has an upper projecting 
portion 144 and a lower projecting portion 145 which extend 
through its entire length in the vehicle front-rear direction, 
and which are disposed in correspondence with the breast and 
waist of a passenger so as to project on the comportment side. 
An upper impact energy absorbing member 14 7 is provided in the 
upper projecting portion 144 between the door inner panel 142 
and the door trim 14 6, while a lower impact energy absorbing 
member 148 is provided in the lower projecting portion 145 
between the door inner panel 142 and the door trim 146. 

Each of the upper and lower impact energy absorbing 
members 147 and 148 has basically the same construction as 
that of the impact energy absorbing member 103 in the above- 
described fourth embodiment, but differs in size from the same. 
The corresponding impact energy absorbing member can be 
understood as capable of being mounted on the side door 140 if 
the bumper reinforcing member 101 in the fourth embodiment is 
reread as door inner panel 142; the bumper facer 102 as door 
trim 146; and the vehicle width direction as the vehicle 
front-rear direction. More specifically, the impact energy 
absorbing member 147 has a fixation portion 151 in the form of 
a generally-flat plate elongated in the vehicle front-rear 
direction, and three buckling energy absorbing portions 152 
extending from the fixation portion 151 to the door trim 14 6 
side. Upper and lower buckling energy absorbing portions 152a 
in the buckling energy absorbing portions 152 are disposed so 
as to extend to the vicinity of the door trim 146, and a 
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buckling energy absorbing portion 152b disposed between the 
two buckling energy absorbing portions 152a is formed so as to 
be shorter than the buckling energy absorbing portions 152a. 
The impact energy absorbing member 148 has a fixation portion 
153 in the form of a generally-flat plate elongated in the 
vehicle front-rear direction, and three buckling energy 
absorbing portions 154 extending from the fixation portion 153 
to the door trim 14 6 side. Upper and lower buckling energy 
absorbing portions 154a in the buckling energy absorbing 
portions 154 are disposed so as to extend to the vicinity of 
the door trim 14 6, and a pair of buckling energy absorbing 
portions 154b disposed between the two buckling energy 
absorbing portions 154a are formed so as to be shorter than 
the buckling energy absorbing portions 154a. The buckling 
energy absorbing portions 152a and 152b and the buckling 
energy absorbing portions 154a and 154b thus formed and 
differing in length are used to absorb a maximized amount of 
impact energy while shifting the impact timing for starting 
absorption of impa.ct energy in the buckling energy absorbing 
portion so that the impact force does not exceed an allowable 
value. One of the impact energy absorbing members 147 and 

14 8 can be removed, and any of impact energy absorbing members 
of the various constructions described above by way of example 
in the description of the fourth embodiment can be assembled 
in the same manner in place of the upper and lower impact 
energy absorbing members 147 and 148. In this fifth 
embodiment, the present invention is applied to the front side 
door 140 on the driver seat side. However, the present 
invention can also be applied to a front side door on the 
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passenger seat side and can be applied to left and right rear 
side doors in the same manner. 
(Sixth Embodiment) 

In this sixth embodiment, the second vehicle impact 
energy absorbing member in accordance with the present 
invention is applied to a front pillar 160 of a motor vehicle. 

Description will be made of the front pillar 160 with 
reference to Figures 52 and 53. A pillar main body 164 
constituted by a pillar outer panel 162 and a pillar inner 
panel 161 and closed as viewed in section is provided and a 
pillar trim 163 is provided on the compartment side of the 
pillar main body 164. An impact energy absorbing member 165 is 
provided between the pillar inner panel 161 and the pillar 
trim 163. The impact energy absorbing member 165 has basically 
the same construction as that of the impact energy absorbing 
member 103 in the above-described fourth embodiment, but 
differs in size from the same. The corresponding impact energy 
absorbing member can be understood as capable of being mounted 
on the front pillar 160 if the bumper reinforcing member 101 
in the fourth embodiment is reread as pillar inner panel 161; 
the bumper facer 102 as pillar trim 163; and the vehicle width 
direction as the lengthwise direction of the pillar 160. 

More specifically, the impact energy absorbing member 165 
has a fixation portion 171 in the form of a generally-flat 
plate elongated along the pillar inner panel 161, and seven 
buckling energy absorbing portions 172 extending from the 
fixation portion 171 to the pillar trim 163 side. Buckling 
energy absorbing portions 172a in the buckling energy 
absorbing portions 172 are disposed so as to extend to the 
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vicinity of the pillar trim 163, and buckling energy absorbing 
portions 172b are formed so as to be shorter than the buckling 
energy absorbing portions 172a. The buckling energy absorbing 
portions 172a and 172b are disposed alternately. The buckling 
energy absorbing portions 172a and 172b thus formed and 
differing in length are used to absorb a maximized amount of 
impact energy while shifting the impact timing for starting 
absorption of impact energy in the buckling energy absorbing 
portions 172 so that the impact force does not exceed an 
allowable value. In place of the impact energy absorbing 

member 165, any of impact energy absorbing members of the 
various constructions described above by way of example in the 
description of the fourth embodiment can be assembled in the 
same manner. In this sixth embodiment, the present invention 
is applied to the front pillar 160. However, the present 
invention can also be applied to a center pillar and a rear 
pillar in the same manner. 

While the fourth to sixth embodiments have been described 
with respect to cases of application of the present invention 
to a bumper, a side door and a pillar of a vehicle, the 
present invention can also be applied in the same manner to 
portions other than these. 

Description will next be made of a shock-absorbing 
performance test . 
(Test piece) 

Buckling energy absorbing members formed by a bead method 
using prefoamed beads made of a polypropylene resin (using 
EPERAN-PP, a raw material produced by KANEKA CORPORATION) , 
i.e., buckling energy absorbing members 180 in the form of 
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plates having a molded piece expansion ratio of 4.8, a height 
of 60 mm, a thickness of 10 mm and a length of 300 mm, as 
shown in Figure 54, buckling energy absorbing members 181 in 
the form of plates having a height of 45 mm, a thickness of 10 
mm and a length of 300 mm, bottom plates 182 in the form of 
plates having a width of 20 mm, a thickness of 10 mm and a 
length of 300 mm, and buckling energy absorbing members 180A 
and 181A having the same sizes as the buckling energy 
absorbing members 180 and 181 but having the foaming expansion 
ratio set to 4.0 (using EPERAN-PP, a raw material produced by 
KANEKA CORPORATION), were made. 

Example 11 of the present invention: A test piece was made in 
which, as shown in Figure 54 (a) , two buckling energy absorbing 
members 180 were set upright substantially in parallel with 
each other while being spaced apart from each other by a 
distance of 80 mm; two buckling energy absorbing members 181 
were set upright inside the buckling energy absorbing members 
180 while being spaced apart from each other by a distance of 
20 mm; and these four buckling energy absorbing members 180 
and 181 were integrally connected by three bottom plates 182. 
Example 12 of the present invention: A test piece formed by 
removing the bottom plates 182 from Example 11 of the present 
invention was made. 

Example 13 of the present invention: A test piece was made in 
which, as shown in Figure 54 (c) , two buckling energy absorbing 
members 181A were set upright substantially in parallel with 
each other while being spaced apart from each other by a 
distance of 80 mm and two buckling energy absorbing members 
180A were set upright inside the buckling energy absorbing 
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members 181A while being spaced apart from each other by a 
distance of 2 0 mm. 

Example 14 of the present invention: A test piece was made in 
which, as shown in Figure 54 (d) , two buckling energy absorbing 
members 180 were set upright substantially in parallel with 
each other while being spaced apart from each other by a 
distance of 80 mm and two buckling energy absorbing members 
180B were set upright inside the buckling energy absorbing 
members 180 while being spaced apart from each other by a 
distance of 20 mm. 

Comparative example 11: A test piece was made which was, as 
shown in Figure 55(a), formed of a compression energy 
absorbing member 185 in the form of a plate having a foaming 
expansion ratio of 17 (using EPERAN-PP, a raw material 
produced by KANEKA CORPORATION) , a height of 60 mm, a width of * 
100 mm and a length of 300 mm. 

Comparative example 12: A test piece was made in which, as 
shown in Figure 55 (b) , two buckling energy absorbing members 
180B having a thickness of 3.0 mm, a height of 38 mm and a 
length of 300 mm and made of a solid polypropylene resin were 
set upright substantially in parallel with each other while 
being spaced apart from each other by a distance of 25 mm. 
Comparative example 13: A test piece was made in which two 
buckling energy absorbing members having a thickness of 2.5 mm, 
a height of 38 mm and a length of 300 mm and made of a solid 
polypropylene resin were set upright substantially in parallel 
with each other while being spaced apart from each other by a 
distance of 25 mm, as were those in comparative example 2. 
(Testing method) 
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The test pieces in the examples of the present invention 
were successively set on a supporting base, an impacting 
object formed of a round rod having a weight of 34,8 kg for 
examples 11 and 12 of the present invention, 40.8 kg for 
example 13 of the present invention, and 28.8 kg for example 
14 of the present invention, and a diameter of 70 mm was 
caused to fall from a height of 81.6 cm to collide against a 
central portion of the test piece at a center in the 
lengthwise direction along the widthwise direction, and the 
relationship between the displacement and acceleration of the 
test piece at the time of collision was measured, thereby 
obtaining measurement results shown in Figures 56 to 59. The 
test pieces in the comparative examples were successively set 
on the supporting base; an impacting object formed of a round 
rod having a weight of 40.8 kg and a diameter of 70 mm was 
caused to fall from a height of 81.6 cm to collide against a 
central portion of the test piece in comparative example 11 at 
a center in the lengthwise direction along the widthwise 
direction; an impacting object formed of a round rod having a 
weight of 21.3 kg and a diameter of 70 mm was caused to fall 
from a height of 21.0 cm to collide against a central portion 
of the test piece in comparative example 12; an impacting 
object formed of a round rod having a weight of 21.3 kg and a 
diameter of 70 mm was caused to fall from a height of 16.0 cm 
to collide against a central portion of the test piece in 
comparative example 13; and the relationship between the 
displacement and acceleration of each test piece at the time 
of collision was measured, thereby obtaining measurement 
results shown in Figures 60 to 62. From these results, the 
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displacement of each test piece, the maximum acceleration, the 
impact force, the amount of energy absorption and the energy 
absorption efficiency were obtained to form Table 2. 
(Table 2) 





Displacement 
[m] 


Maximum 
acceleration 
[m/s 2 ] 


Impact 
force 
[N] 


Amount of 

energy 
absorption 
[N-m] 


Energy- 
absorption 
efficiency 
[%] 


Examples of 
the present 
invention 


11 


0.04110 


354.1 


7546 


191. 1 


61. 62 


12 


0.04576 


266.3 


5674 


^ 188.1 


72. 43 


13 


0.04087 


282.8 


6027 


182.0 


73.9 


14 


0.03975 


261.2 


5566 


153.8 


69.51 


Comparative 
examples 


11 


0.04505 


486.9 


10368 


260. 6 


55.73 


12 




396.2 


8439 






13 




231.8 


4937 







* In the case of comparative examples 12 and 13, impact energy was not 
completely absorbed. Therefore, it was not possible to obtain the 
displacement, the amount of energy absorption and the energy absorption 
efficiency . 

As can be understood from Figures 56 to 62 , the 
acceleration was increased generally monotonously in 
comparatively example 11, and the acceleration was abruptly 
increased in an initial stage of collision in comparative 
examples 12 and 13 in which impact timing and peak value 
timing were set equal to each other and in which plates made 
of a solid polypropylene resin were used. In contrast, in 
examples 11 to 14 of the present invention, the acceleration 
in the range from collision in which the displacement was 0 to 
40 mm was generally constant at 200 to 300 m/s 2 . Since the 
amount of absorption of impact energy is determined by the 
area under the curve, it can be understood that in the 
examples of the present invention the amount of absorption of 
impact energy was increased while the maximum acceleration was 
limited. 
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In comparative examples 12 and 13, the maximum 
acceleration was increased, but the amount of absorption of 
impact energy was small and impact energy was not completely 
absorbed. Comparative example 1 was capable of absorbing 
impact energy, but examples 11 to 14 of the present invention 
were capable of reducing the impact value by about 27%, about 
45%, about 42% and about 46%, respectively, in comparison with 
comparative example 11. In examples 11 to 14 of the present 
invention, improvements in energy absorption efficiency of 
about 6%, about 17%, about 18& and about 14%, respectively, 
were achieved. As can be understood from these results, the 
pedestrian protection performance and the passenger projection 
performance were improved. 

Industrial Applicability 
(Claim 1) 

In the first vehicle impact energy absorbing member in 
accordance with the present invention, impact energy is 
absorbed by the combination of the compression energy 
absorbing member and the buckling energy absorbing member, and 
an impact force on the vehicle impact energy absorbing member 
can, therefore, be maintained generally constantly over the 
entire length of the time period during which impact energy is 
absorbed by the vehicle impact energy absorbing member. 
Therefore, if the impact force on the vehicle impact energy 
absorbing member is set to a target value at which a 
pedestrian and a passenger can be protected, it is possible to 
absorb a maximized amount of impact energy while ensuring the 
desired pedestrian and passenger protection performance by 
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limiting the impact force. 
(Claims, 2, 3) 

If the compression energy absorbing member and the 
buckling energy absorbing member are arranged to start energy 
absorbing deformation under an impact force by substantially 
the same timing, impact energy can be absorbed by making full 
use of the space for disposition of the vehicle impact energy 
absorbing member capable of being mounted on a vehicle. Also, 
if the compression energy absorbing member and the buckling 
energy absorbing member are arranged to start energy absorbing 
deformation under an impact force by different timings, an 
optimum energy absorbing characteristic of the entire 
combination of the compression energy absorbing member and the 
buckling energy absorbing member can be realized by adjusting 
the timing for starting energy absorbing deformation of the 
compression energy absorbing member and the buckling energy 
absorbing member. 
(Claim 4) 

If a setting is made such that an impact force on the two 
energy absorbing members is generally constant over the entire 
length of the time period during which the impact energy is 
absorbed by the two energy absorbing members, or if the 
compression energy absorbing member is disposed so as to be 
compression-deformed over the entire length of the impact 
energy absorption time period, and if the buckling energy 
absorbing member is disposed so as to be buckled and deformed 
in an initial stage in the impact energy absorption time 
period, it is possible to efficiently absorb impact energy by 
effectively utilizing the entire impact energy absorption 
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period while reducing the impact force acting on a pedestrian. 
(Claim 5) 

If the buckling energy absorbing member is provided 
through the entire width of the bumper in the front-rear 
direction, or if the buckling energy absorbing member may be 
constituted by a member in the form of a plate made of a 
synthetic resin material and provided in a substantially 
horizontal plane along the lengthwise direction of the bumper 
and through the entire width of the bumper in the front-rear 
direction, an impact load can be caused to act on the buckling 
energy absorbing member from an initial state of collision and 
impact energy in the initial stage of collision can be 
effectively absorbed by the buckling energy absorbing member. 
(Claims 6, 7) 

If the compression energy absorbing member is constituted 
by a foamed molded piece made of a synthetic resin, and if the 
foaming expansion ratio of the foamed molded piece forming the 
compression energy absorbing member is set to 2 to 150, the 
desired impact energy absorption characteristic can be 
realized by adjusting the foaming expansion ratio while 
ensuring the desired energy absorption performance, and the 
vehicle impact energy absorbing member can be constructed so 
as to be light in weight. 
(Claims 9, 10) 

If the buckling energy absorbing member is constituted by 
a foamed molded piece made of a synthetic resin material, and 
if the foaming expansion ratio of the foamed molded piece is 
set to 20 or less, the compression energy absorbing member and 
the buckling energy absorbing member can be formed integrally 
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with each other while ensuring the desired impact energy- 
absorption performance, the number of assembly steps can be 
reduced and the vehicle bumper impact energy absorbing member 
can be constructed so as to be light in weight. 
(Claim 11) 

If buckling allowance spaces are provided on opposite 
sides of the buckling energy absorbing member, the buckling 
energy absorbing member can be buckled and deformed in the 
buckling allowance spaces. Interference between the buckling 
energy absorbing member and the compression energy absorbing 
member or between buckling energy absorbing members at the 
time of buckling deformation of the buckling energy absorbing 
members can be reduced thereby, thus making is possible to 
obtain the required impact energy absorption effect. 
(Claim 12) 

If the buckling energy absorbing member is formed 
integrally with the compression energy absorbing member by 
insert molding, the molding process is somewhat complicated 
but the strength of mounting of the buckling energy absorbing 
member on the compression energy absorbing member can be 
improved and the number of vehicle assembly steps in a post 
process can be reduced. 
(Claim 13) 

If the buckling energy absorbing member and the 
compression energy absorbing member are separately formed and 
combined integrally with each other, the number of component 
parts is increased but the facility with which the compression 
energy absorbing member is formed can be improved and the two 
energy absorbing members can be firmly combined integrally 
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with each other by an adhesive or the like. 
(Claim 14) 

If a core member for a vehicle bumper is formed by using 
the vehicle impact energy absorbing member, and if an impact 
force on the vehicle impact energy absorbing member is set to 
a target value at which a pedestrian can be protected, it is 
possible to absorb a maximized amount of impact energy while 
ensuring the desired pedestrian protection performance at the 
time of contact with the bumper. 
(Claim 17) 

If the buckling energy absorbing member is provided 
integrally with a bumper facer, and if an assembly space for 
accommodating the buckling energy absorbing member is formed 
in the compression energy absorbing member, the number of 
component parts constituting the core can be reduced. 
Therefore this arrangement is preferable. 
(Claim 18) 

In the second vehicle impact energy absorbing member in 
accordance with the present invention, a buckling energy 
absorbing portion is provided in which a setting is made such 
that at least one of impact timing for starting absorption of 
impact energy and peak value timing for making an impact force 
have a peak value after collision is changed in a stepping 
manner or continuously. Accordingly, the buckling energy 
absorbing portion has peak values in a stepping manner or 
continuously during absorption of impact by the vehicle impact 
energy absorbing member from the start to the completion of 
impact absorption, and is capable of maintaining the impact 
force on the vehicle impact energy absorbing member generally 
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constantly over the entire length of the time period during 
which impact energy is absorbed by the vehicle impact energy 
absorbing member. Therefore, if the impact force on the 
vehicle impact energy absorbing member is set to a target 
value at which a pedestrian and a passenger can be protected, 
it is possible to absorb a maximized amount of impact energy 
while ensuring the desired pedestrian and passenger protection 
performance by limiting the impact force. 
(Claims 19, 20) 

A plurality of buckling energy absorbing portions may be 
independently provided in such a combination that the buckling 
energy absorption portions differ at least in the impact 
timing and the peak value timing, and part of the plurality of 
buckling energy absorbing portions may be buckled and deformed 
in a stepping manner or continuously to absorb impact energy. 
Alternatively, a buckling energy absorbing portion in which a 
difference is caused at least in one of the impact timing and 
the peak value timing may be integrally provided and buckled 
and deformed in a stepping manner or continuously to absorb 
the impact energy. In the case where buckling energy absorbing 
portions are independently provided, settings of impact force 
absorption peak values and the amount of deformation can be 
designed comparatively freely. In the case where an integral 
buckling energy absorbing portion is provided, the design of 
the buckling energy absorbing portion is complicated but the 
structure of the impact energy absorbing member -as a whole can 
be simplified. 
(Claims 21 to 25) 

The height of the buckling energy absorbing portion may 
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be varied to make a setting such that at least one of the 
impact timing and the peak value timing is changed, or the 
thickness, width, arrangement density or sectional shape of 
the buckling energy absorbing portion may be varied to make a 
setting such that the peak value timing is changed. Also, a 
combination of these factors may be freely changed to make a 
setting such that at least one of the impact timing and the 
peak value timing is changed. 
(Claim 26, 27) 

The buckling energy absorbing portion may be constituted 
by a solid member made of a synthetic resin material. In this 
case, the buckling energy absorbing portion may be integrally 
formed on a member on the vehicle side, thereby improving the 
impact energy absorption performance while minimizing the 
number of component parts. Therefore this arrangement is 
preferable . 
(Claims 30, 31) 

If the buckling energy absorbing portion is constituted 
by a foamed molded piece made of a synthetic resin material, 
the foaming expansion ratio of the buckling energy absorbing 
portion can be varied to make a setting such that the peak 
value timing is changed. If the foaming expansion ratio of the 
foamed molded piece constituting the buckling energy absorbing 
portion is set to 45 or lower, the sufficient impact energy 
absorption performance can be ensured while the vehicle impact 
energy absorbing member is constructed so as to be light in 
weight. Further, if the buckling energy absorbing portion 
includes a buckling energy absorbing portion constituted by a 
solid member made of a synthetic resin material and a buckling 
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energy absorbing member constituted by a foamed molded piece 
made of a synthetic resin material, the buckling energy 
absorbing portion constituted by a solid member made of a 
synthetic resin material can function so that an impact force 
can be brought closer to a set value in a short time. The 
buckling energy absorbing member constituted by a foamed 
molded piece made of a synthetic resin material can thereafter 
absorb impact energy. In this way, the impact energy 
absorption efficiency can be further improved. 
(Claim 32) 

If buckling allowance spaces are provided on opposite 
sides of the buckling energy absorbing member, interference 
between buckling energy absorbing members at the time of 
buckling deformation of the buckling energy absorbing members 
can be reduced thereby, thus making it possible to easily 
obtain the required impact energy absorption effect with 
reliability. 
(Claims 34 to 36) 

In a case where the vehicle impact energy absorbing 
structure in accordance with the present invention is applied 
to a bumper, an impact force on the vehicle impact energy 
absorbing member may be set to a target value at which a 
pedestrian can be protected to absorb a maximized amount of 
impact energy while ensuring the desired pedestrian protection 
at the time of contact with the bumper. In the case of an 
application to a door or a pillar, an impact force on the 
vehicle impact energy absorbing member may be set to a target 
value at which a pedestrian can be protected to absorb a 
maximized amount of impact energy while ensuring the desired 
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pedestrian protection at the time of contact with the door or 
a pillar. 



